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DESCRIPTION 



NIOBIUM POWDER, PROCESS FOR PRODUCING THE SAME AND SOLID 
ELECTROLYTIC CAPACITOR USING NIOBIUM POWDER 



The present invention relates to niobiwn powder, processes for producing the 
niobium powder, and solid electrolytic capacitors using the niobium powder. 

The present invention is based on Japanese Patent Application No. 2002-306725, 
the content of which is incorporated herein by reference. 



Tantalum capacitors are known as small solid capacitors having high capacity, 
and the use thereof has greatly increased, mainly for portable information terminals and 
mobile phones. Tantalum powder which is used as a raw material for anodes thereof 
may be obtained by reducing potassium tantalate fluoride. However, since supply of 
ore which is used as a raw material for potassium tantalate fluoride is unstable, solid 
capacitors using niobium powder which possesses properties close to tantalum powder 
and supply of raw materials thereof is stable, have been developed. 

As a method for producing the niobium powder, the same methods of producing 
tantalum powder were considered to be effective since it does not require new facilities, 
etc. Such methods include, for example, reducing a metallic salt containing tantalum, 
such as potassium tantalate fluoride, in a diluent salt to produce tantalum powder (a 
reduction method). 

However, in the above method, there is a problem that a large number of 
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impurities may be incorporated in crystals of metallic salt including niobium, such as 
potassium niobate fluoride, since the crystals are unstable unlike those of potassium 
tantalate fluoride, during a reducing reaction in which an apparatus may be seriously 
corroded. 

On the other hand, examples of the methods, other than the reduction method, 
include an oxide reduction method and a pulverization method. Metallic powder 
obtained by these methods has less contamination by impurities compared to the metallic 
powder obtained by the reduction method. Tn particular, powder having high purity 
may be obtained by the oxide reduction method (refer to Japanese Unexamined Patent 
Application, First Publication No, Sho 62-278210). 

However, the grain density of the powder obtained by the oxide reduction 
method is large and the distance between the crystal particles is short Accordingly, 
there is a problem that fine pores thereof are clogged due to the growth of oxidation film 
when formed using a high voltage, and the reduction of CV value due to high voltage 
formation becomes large. 

Also, when the pulverization method is employed, coral like secondary particles 
of powder which may be produced by the above-mentioned reduction method cannot be 
obtained. Accordingly, it is difficult to produce porous (thermal) agglomerate which 
controls the pore size distribution of a sintered body. 

Disclosure of Invention 

The inventors of the present invention, after performing diligently studies on 
high purification of crystals using the reduction method, have found that high purity 
niobium powder may be obtained by removing the effect of water content in potassium 
niobate fluoride or by improving a method for adding a reducing agent. Also, the 
inventors of the present invention have foimd that the niobium powder obtained by the 



method has properties that pores thereof are not clogged even when formed using a 
relatively high voltage and the production of a niobium capacitor having excellent 
electrical properties becomes possible, and completed the invention. 

That is, the niobium powder of the present invention has a capacitance (CV 
value at a formation voltage of 20V) ranging from 80 to 240 kCV/g and a CV retention 
of 57% or higher when fonned into a sintered body of 3.15 to 3.9 g/cm^ density. 

Also, it is preferable that the capacitance range from 80 to 120 kCV/g and the 
CV retention be 84% or higher. 

Moreover, it is preferable that the capacitance range from 120 to 160 kCV/g and 
the CV retention be 75% or higher. 

Furthermore, it is preferable that the capacitance range from 160 to 240 kCV/g 
and the CV retention be 57% or higher. 

In addition, it is preferable that the percentage of pores having a diameter of 
0.11 ^m or greater, measured by mercury porosimetry, with respect to all pores present in 
the sintered body be 90 vol% or greater. 

Also, in the niobium powder, it is preferable that the total amount of nickel, iron 
and chromium be 100 ppm or less and the total amount of sodium, potassium and 
magnesiimi be 100 ppm or less. 

The method of producing niobium powder according to the present invention 
includes the step of: reducing potassium niobate fluoride in a diluent salt to produce 
niobium powder, wherein the potassium niobate fluoride has a water content of 1000 
ppm or less as determined fix)m an amount of water generated upon heating at 600°C 
according to the Karl Fischer method. 

Also, it is preferable that the diluent salt is potassium fluoride having a water 
content of 500 ppm or less as determined from an amount of water generated upon 
heating at 700°C according to the Karl Fischer method. 

Moreover, it is preferable that the amount of water in the reduction reaction 



system be adjusted to 9300 ppm or less with respect to the niobium powder produced. 

The method of producing niobium powder by reducing potassium niobate in a 
diluent sah to produce niobium powder according to the present invention includes the 
steps of: introducing 1 to 20% of stoichiometric equivalence of a reducing agent in a 
reduction reaction into a reaction vessel in advance, and subsequently adding a 
predetermined amount (reaction equivalent) of potassium niobate flupride and the 
reducing agent, in that order, and repeating this process to carry out a reaction. 

The sintered body of the present invention is characterized by being formed 
from the niobium powder described above. 

The anode for capacitor according to the present invention is formed from the 
niobium powder described above and is characterized by having a relative leakage 
current value (Wet measurement value) of 4 nA/CV or less. 

The niobium capacitor of the present invention is characterized by having the 
above-mentioned anode for capacitor. 

Brief Description of the Drawing 

FIG. 1 is a graph showing pore size distribution in a sintered pellet obtained in * 
Examples 7-9. 

Best Mode for Carrying Out the Invention 

The niobium powder of the present invention when formed into a sintered body 
of 3.15 to 3.9 g/cm"* density exhibits a capacitance (CV value at a formation voltage of 
20V) ranging from 80 to 240 kCV/g and a CV retention of 57% or higher. That is, the 
niobium powder of the present invention is suitable as a material for a capacitor in which 
the reduction of CV value thereof is suppressed even when formed using a relatively high 



voltage, for example 50V, after being formed as a sintered body. If the CV retention is 
less than 57%, lowering in the CV value when formed using a formation voltage of 50V 
becomes loo large, and this is not preferable. 

Note that in the present specification the term "CV value'' when it is simply so 
described means a CV value at a fomiation voltage of 20V, and the "CV retention" is 
calculated using the following mathematical formula (I): 

rv .^.ntinn (H) = ^^^^^^^^ ^^en formation voltage is SO V (CVSQV) ^ 

capacitance when fonnation voltage is 20 V (CV20V) ^ ^ 

It is preferable that the percentage of pores having a diameter of 0.1 1 fxm or 
more measured by Mercury Porosimetry vvdth respect to the total pore present when the 
niobium powder of the present invention is formed into a sintered body be 90 vol% or 
greater. By controlling the pore size distribution as described above, it becomes 
possible to obtam a high CV value and a high CV retention even when formed using a 
relatively high voltage, such as 50V, comparing to niobium powder obtained using the 
oxide reduction method. That is, although the CV value of conventional niobium 
powder decreases when formed using a high voltage since pores tend to be clogged, it is 
important to control the pore size distribution thereof, especially for metallic powder 
having pores of 1 |im or less, in order to avoid the lowering of CV value associated with 
the formation under high voltage. 

Also, the thickness of oxidation film of niobium relative to the formation 
voltage (formation coefficient) is larger than that of tantalum. Since pores tend to be 
clogged and there is a danger that the CV value is lowered as the thickness of oxidation 
film increases, it is important to control the pore size distribution in order to achieve a 
high CV retention of a sintered body obtained from the niobium powder. 

Hereinafter, the pore size distribution of the niobium powder of the present 
invention when formed into a sintered body of 3,15 to 3.9 g/cm^ density will be 
described in detail for three kinds of capacitance (CV value at a formation voltage of 
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20V) ranging jfrom 80 to 120 kCV/g, 120 to 160 kCV/g, and 160 to 240 kCV/g. 

For the case where the CV value is 80 to 1 20 kCV/g, it is preferable that the CV 
retention thereof be 84% or higher. In order to achieve such value of CV retention, it is 
preferable to control the pore size distribution so that 90 voI% or more of pores have a 
diameter of 0.27 or greater and the peak value thereof is within the range between 
0,73 to 0.43 uro. 

For the case where the CV value is 120 to 160 kCV/g, it is preferable that the 
CV retention thereof be 75% or higher. In order to achieve such value of CV retention, 
it is preferable to control the pore size distribution so that 90 voI% or more of pores have 
a diameter of 0.22 p.tii or greater and the peak value thereof is within the range between 
0-58 to 0.29 pn. 

For the case where the CV value is 160 to 240 kCV/g, it is preferable that the 
CV retention thereof be 57% or higher. In order to achieve such a value of CV 
retention, it is preferable to control the pore size distribution so that 90 vol% or more of 
pores have a diameter of 0,11 jrai or greater and the peak value thereof is within the 
range between 0,39 to 0.1 1 

Also, it is preferable that the niobium powder of the present invention have the 
total amount of nickel, iron and chromium of 100 ppm or less and the total amount of 
sodium, potassium and magnesium of 100 ppm or less. By using such niobium powder 
having low levels of contamination by impurities, it becomes possible to produce a 
capacitor having excellent electrical properties. 

As a method for producing the above-mentioned niobium powder, potassium 
niobate fluoride having a water content of 1000 ppm or less, which is determined fi:om 
the amount of water generated upon heating at 600^C according to the Karl Fischer 
method, is used as a raw material, and this is reduced in a diluent salt to produce niobium 
powder. For instance, a diluent salt is placed in a reaction vessel whose inner surface is 
made of a nickel material. After the temperature thereof reaches a reaction temperature. 



7 



a predetermined amount of a reducing agent and potassium niobate fluoride having a 
water content of 1000 ppm or less are added in that order and this is repeated to conduct 
a reduction reaction. In this manner, niobium powder is produced (a reverse rotation 
method). 

If the potassium niobate fluoride has a water content of more than 1000 ppm, the 
water content reacts with the reaction vessel, and there is a danger that impurities derived 
from the reaction vessel, such as nickel, iron, and chromium, contaminate the product. 
Accordingly, if such niobium powder is used for an anode of a capacitor, the 
performance thereof mil be reduced. 

Note that the Karl Fischer method is a method used for obtaining an amount of 
water using a Karl Fischer agent which is a quantitative detennination agent for water. 
The Karl Fischer agent is an agent in which iodine, sulfur dioxide and pyridine are mixed 
in a ratio of : SO2 : pyridine = 1 : 3: 10 (molar ratio). By using the characteristic of 
the agent that 1 mole of b reacts with 1 mole of H2O, the amount of water in a sample 
solution, such as an alcohol solution in which water is dissolved, can be accurately 
determined by titration using the Karl Fischer agent. 

The endpoint of the titration may be confirmed by, other than visual 
confirmation, a titration method using potential difiference between different metals, a 
titration method using constant-voltage polarization current, and so forth. 

The amount of water contained in potassium niobate fluoride may be reduced by 
adding potassium chloride during a synthetic process of potassium niobate fluoride, i.e., 
to a hydrogen fluoride solution of niobium, to appropriately adjust the concentration of 
hydrogen fluoride used for synthesizing potassium niobate fluoride. 

Also, although water contained in potassium niobate fluoride thus obtained is 
removed when the temperature thereof increases by heating in an atmosphere, it is not 
appropriate as a raw material if the temperature at that time exceeds 190°C since oxygen 
will be incorporated therein. For this reason, water may be removed while maintaining 
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crystal stability by drying at a temperature below 190''C. 

Moreover, it is preferable to adapt heat-drying under reduced pressure. For 
example, potassium niobate fluoride having a water content which is fiirther reduced may 
be obtained by heat-drying at about 100°C under a reduced pressure of 2 kPa or less in a 
vacuum vessel to which a Teflon (registered trademark) lining is applied. 

Examples of the diluent salt used in the method of producing the niobium 
powder of the present invention include potassium fluoride, potassium chloride, sodium 
chloride, and mixtures thereof. Also, when potassium fluoride is used as the diluent salt, 
it is preferable that the water content thereof be 500 ppm or less as determined from the 
amount of water generated upon heating at 700°C according to the Karl Fischer method. 
If potassium fluoride has a water content greater than 500 ppm. there is a danger that 
impurities, such as nickel, iron and chromium, may be introduced for the reasons 
described above. Accordingly, if this is used as a raw material for an anode, the 
performance of the capacitor will be reduced. 

Also, KF ' 2H2O, which is produced in the process of producing potassium 
fluoride, is reacted as shown in the formula below, and hydrogen fluoride is generated. 
Accordingly, when potassium fluoride is used as a diluent salt, ii becomes possible to 
decrease the amount of water contained as crystal water by improving the precipitation 
conditions under which potassium fluoride is synthesized and the drying condition in 
consideration of the hydrogen fluoride generated. 

KF - 2H20->KF + 2H20 

H2O + 2KF K2O + 2HF (500°C) 

Moreover, water content of potassium fluoride thus obtained may be reduced to 
500 ppm or less by increasing the temperature up to about 130**C while siqjplying air. 

Furthermore, it is preferable that the amount of water in the reaction system of 
the reduction reaction be controlled so as to be 9300 ppm or less with respect to the 
niobium powder obtained. By controlling the amount of water in the reaction system as 
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described above, it becomes possible to obtain niobium powder having few impurities 
which is suitable as a raw material for a capacitor. 

Examples of the reducing agents used in the method of producing niobium 
powder according to the present invention include alkali metals, such as sodium and 
potassium; alkaline-earth metals; and hydrides thereof. Also, methods of adding the 
reducing agent are not particularly limited, and examples thereof include a method in 
which a predetermined amount of potassium niobate fluoride, which is a raw material, 
and a reducing agent are added in that order and this process is repeated (normal rotation 
method), and a method in which a predetermined amount of a reducing agent and 
potassium niobate fluoride are added in that order and this process is repeated (reverse 
rotation method). 

Also, as a method for producing niobium powder other than those mentioned 
above, there is a method in which a reducing agent of 1 to 20%, preferably 5 to 15%, 
relative to stoichiometric equivalence in the reduction reaction is introduced into a 
reaction vessel in advance, and then a predetermined amount (reaction equivalent) of 
potassium niobate fluoride and the reducing agent are added in that order, and this 
process is repeated (half-reverse rotation method). 

For example, a diluent salt is placed in a reaction vessel whose inner surface is 
formed of a nickel material, and a reducing agent of an amount of 10% of stoichiometric 
equivalence in the reduction reaction is added after increasing the temperature to a 
reaction temperature. Then, a reduction reaction is carried out by adding a 
predetermined amount of potassium niobate fluoride and the reducing agent in that order 
and repeating this procedure to obtain niobiunn powder. 

According to the above method of producing niobium powder, it becomes 
possible to obtain niobium powder which is suitable as a raw material for a capacitor in 
which contamination by heavy metal impurities derived from the reaction vessel, such as 
iron, chromium and nickel^ is at a low level and increase in an amount of alkali metals, 



such as sodium and potassium, which is observed in the reverse rotation method, is 
suppressed without carrying out a pretreatment in which the amount of water contained 
in potassium niobate fluoride, which becomes a raw material, is reduced in advance as in 
the normal rotation method. Note that specific examples of the diluent salts and 
reducing agents used in the half-reverse rotation method include the same salts and 
agents as described above. 

The niobium powder obtained as above is subjected to pretreatment processes, 
such as themial aggregation, deoxidation and gradual oxidation stabilization, and al\er 
the powder is molded by, for instance, press molding, this is sintered to produce a 
sintered body. 

The themial aggregation process is carried out to obtain secondary particles 
having a relatively large particle size by heating the niobium powder to be aggregated 
This process is normally conducted at a temperature of 800 to 1400°C under vacuum for 
about 0.5 to 2 hours. Prior to the thermal aggregation process, it is possible to carry out 
a pre-aggregation process in which water of an amount sufficient for uniformly wetting 
the entire powder or an aqueous solution containing phosphorus or boron is added while 
vibrating the niobium powder. 

After a cakelike powder obtained by the thermal aggregation process is 
pulverized in air or an inert gas, a reducing agent, such as magnesium, is added. Then, 
the deoxidation process in which oxygen present in the particle is reacted with the 
reducing agent and a subsequent gradual oxidation stabilization process in which air is 
introduced into an inert gas while it is being cooled to gradually oxidize and stabilize 
niobium powder are carried out. After this, substances derived from the reducing agent, 
such as magnesium and magnesium oxide, remaining in the powder are removed by acid 
cleaning. 

After this, about 3 to 5% by mass of camphor (CioHieO), etc., as a binder, is 
added to the niobium powder subjected to the thermal aggregation, deoxidation, and 
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gradual oxidation stabilization processes as described above, and this is press-molded. 
Thereafter, the mold is heated to a temperature of 1000 to 1400'='C for 0.3 to I hour to 
form a sintered body. 

When this porous sintered body is used as an anode, a wire is embedded in the 
powder in advance and then this is press-molded and sintered so that the wire is 
integrated. Then, this is oxidized while being formed to produce an anode for solid 
electrolytic capacitor. 

The anode thus obtained has a small relative leakage current (Wet value) of 4 
nA/CV or less, and hence, may be suitably used as an anode plate for an electrolytic 
capacitor. 

In addition, a solid electrolytic layer including magnesium dioxide, lead oxide, 
conductive polymer, etc., a graphite layer, and a silver paste layer may be formed on the 
porous sintered body, in that order, using any known method. Thereafter, a negative 
terminal may be connected thereto using solder and covered by a resin to produce a solid 
capacitor. 
Examples: 

Hereinafter, the present invention will be described with examples. 
(Example 1) 

A predetermined amount of potassium fluoride and potassium chloride as 
diluent salts were introduced into a reaction vessel whose inner surface was formed of 
nickel material, and it was heated to a reaction temperature. After this, a predetermined 
amount of potassium niobate fluoride and sodium were added in that order and this 
process was repeated to conduct a reduction reaction. In this manner, niobium powder 
was obtained. 

The employed potassium niobate fluoride had a water content of 4000 ppm as 
determined based on the Karl Fischer method upon heating to 600°C. 

Also, the water content of potassium fluoride and potassium chloride vvas 500 



ppm and 50 ppm, respectively, as deieitnined based on the Karl Fischer method upon 
heating to 700**C. 

Moreover, the amount of water in the reaction system of the reduction reaction 
was 16100 ppm converted to the amount of niobium powder obtained. 

The niobium powder thus obtained was subjected to post-processes, and as a 
result, 150 ppm of only nickel was found as an impurity. 
(Example 2) 

A predetennined amount of potassium fluoride and potassium chloride as 
diluent salts were introduced into a reaction vessel whose inner surface was formed of 
nickel material, and it was heated to a reaction temperature. After this, a predetermined 
amount of potassium niobate fluoride and sodium were added in that order and this 
process was repeated to conduct a reduction reaction. In this manner, niobium powder 
was obtained. 

The employed potassium niobate fluoride had a water content of 1000 ppm as 
determined based on the Karl Fischer method upon heating to 600°C. 

Also, the water content of potassium fluoride and potassium chloride was 1000 
ppm and 50 ppm, respectively, as determined based on the Karl Fischer method upon 
heating to 700°C. 

Moreover, the amount of water in the reaction system of the reduction reaction 
was 14700 ppm converted to the amount of niobium powder obtained. 

The niobium powder thus obtained was subjected to post-processes, and as a 
result, 125 ppm of only nickel was found as an impurity. 
(Example 3) 

A predetermined amount of potassium fluoride and potassium chloride as 
diluent salts were introduced into a reaction vessel whose inner surface was formed of 
nickel material, and it was heated to a reaction temperature. After this, a predetermined 
amount of potassium niobate fluoride and sodium were added in that order and this 
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process was repeated to conduct a redaction reaction. In this manner, niobium powder 
was obtained. 

The employed potassium niobate fluoride had been heat-dried at about 100°C 
under a reduced pressure of 2 kPa in a vessel lo which a Teflon (registered trademark) 
lining was applied in advance, and it was introduced into the reaction vessel without 
being exposed in air. The water content of potassiimi niobate fluoride subjected to the 
heat-drying process under a reduced pressure was 1000 ppm as determined based on the 
Karl Fischer method upon heating to 600''C, 

Also, the water content of potassium fluoride and potassium chloride used as 
diluent salts was 500 ppm and 50 ppm, respectively, as determined based on the Karl 
Fischer method upon heating to 700°C. 

Moreover, potassium niobate fluoride was supplied so that the amount of water 
in the reaction system of the reduction reaction be 9300 ppm converted to the amount of 
niobium powder obtained. 

The niobium powder thus obtained was subjected to post-processes, and as a 
result, the total amount of iron, chromium and nickel impurities was 60 ppm and the total 
amount of sodium, potassium and magnesium impurities was 50 ppm. 
(Example 4) 

A predetermined amount of potassium fluoride and potassium chloride as 
diluent salts were introduced into a reaction vessel whose inner surface was formed of 
nickel material, and it was heated to a reaction temperature. Prior to adding a 
predetermined amount of potassium niobate fluoride, 5% of stoichiometric equivalence 
of sodium in a reduction reaction was supplied. Then, a predetermined amount of 
potassium niobate fluoride and sodium were added in that order and this process was 
repeated to conduct the reduction reaction. In this manner, niobium powder was 
obtained. 

The employed potassium niobate fluoride had a water content of 4000 ppm as 



determined based on the Karl Fischer method upon heating to 600°C. 

Also, the water content of potassium fluoride and potassiimi chloride used as 
diluents was 500 ppm and 50 ppm, respectively, as determined based on the Karl Fischer 
method upon heating to 700°C. 

Moreover, potassium niobate fluoride was supplied so that the amount of water 
in the reaction system of the reduction reaction be 1 61 00 ppm converted to the amount of 
niobium powder obtained. 

The niobium powder thus obtained was subjected to post-processes, and as a 
result, the total amount of iron, chromium and nickel impurities was 60 ppm and the total 
amount of sodium, potassium and magnesium impurities was also 60 ppm. 
(Example 5) 

A predetermined amount of potassium fluoride and potassium chloride as 
diluent salts were introduced into a reaction vessel whose inner surface was fonned of 
nickel material, and it was heated to a reaction temperature. After this, a predetennined 
amount of potassium niobate fluoride and sodium were added in that order and this 
process was repeated to conduct a reduction reaction. In this manner, niobium powder 
was obtained. 

The employed potassium niobate fluoride had a water content of 1000 ppm as 
determined based on the Karl Fischer method upon heating to 600*C by appropriately 
adjusting a drying method during a synthesizing process. 

Also, the water content of potassium fluoride and potassium chloride used as 
diluents was 500 ppm and 50 ppm, respectively, as determined based on the Karl Fischer 
method upon heating to 700°C, 

Moreover, potassium niobate fluoride was supplied so that the amount of water 
in the reaction system of the reduction reaction be 9300 ppm converted to the amount of 
niobium powder obtained. 

The niobium powder thus obtained was subjected to post-processes, and as a 



result, the total amount of iron, chromium and nickel impurities was 60 ppm and the total 
amount ofsodium, potassium and magnesium impurities was SO ppm. 
(Example 6) 

A predetermined amount of potassium fluoride and potassium chloride as 
diluent salts were introduced into a reaction vessel whose inner surface was formed of 
nickel material, and it was heated to a reaction temperature. Prior to adding a 
predetermined amount of potassium niobate fluoride, 5% of stoichiometric equivalence 
of sodium in a reduction reaction was supplied. Then, a predetennined amount of 
potassium niobate fluoride and sodium were added in that order and this process was 
repeated to conduct the reduction reaction. In this manner, niobium powder was 
obtained. 

The employed potassium niobate fluoride had been heat-dried at about 100°C 
under a reduced pressure of 2 kPa in a vessel to which a Teflon (registered trademark) 
lining was applied in advance, and it was introduced into the reaction vessel without 
being exposed in air. The water content of potassium niobate fluoride subjected to the 
heat-drying process under a reduced pressure was 1000 ppm as determined based on the 
Karl Fischer method upon heating to 600*'C. 

Also, the water content of potassium fluoride and potassium chloride used as 
diluent salts was 500 ppm and 50 ppm, respectively, as determined based on the Karl 
Fischer method upon heating to 700^C, 

Moreover, potassium niobate fluoride was supplied so that the amount of water 
in the reaction system of the reduction reaction be 9300 ppm converted to the amount of 
niobium powder obtained. 

The niobium powder thus obtained was subjected to post-processes, and as a 
result, the total amount of iron, chromium and nickel impurities was 50 ppm and the total 
amount of sodium, potassium and magnesium impurities was also 50 ppm. 

In Example 1, since potassium niobate fluoride having a water content 



exceeding 1000 ppm was used as the raw material, the amount of nickel impurity 
contained in the niobium powder obtained was too large to be a suitable raw material for 
a capacitor. 

In Example 2, since potassium niobate fluoride having a water content 
exceeding 1000 ppm was used as the raw material, although the amount of nickel 
impurity contained in the niobium powder obtained was smaller than that of the niobium 
powder obtained in Example 1, the powder was not suitable as a raw material for a 
capacitor due to high water content of potassium fluoride used as the diluent salt. 

In Example 3, since potassium niobate fluoride having a reduced water content 
and the diluent salt having a small water content were used, the niobium powder obtained 
had few impurities and was suitable as a raw material for a capacitor. 

In Example 4, although potassium niobate fluoride having a water content 
exceeding 1000 ppm was used, the niobium powder obtained had few impurities and was 
suitable as a raw material for a capacitor since the potassiimi m'obate fluoride first 
incremental reduction adding a part of sodium at first step was used as the reducing 
method thereof. 

In Example 5, since the drying process during synthesizing potassium niobate 
fluoride was appropriately adjusted so that potassium niobate fluoride having a reduced 
water content and the diulent having a small water content were used, the niobium 
powder obtained had few impurities and was suitable as a raw material for a capacitor. 

In Example 6, since potassium niobate fluoride having a reduced water content 
and the diulent having a small water content were used and also the potassium niobate 
fluoride first incremental reduction adding a part of sodium at first step was used as the 
reduction method, the niobium powder obtained had fewer impurities than those obtained 
in Examples 3-5 and was suitable as a raw material for a capacitor. 
(Example 7) 

In a reaction vessel whose inner surface was formed of nickel material, 20 kg of 
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potassium fluoride and potassium chloride, respectively, as diluent salts, were introduced, 
and after the temperature thereof increased to 850°C, 1 0 g of sodium was supplied. 

I hen, 260 g of potassium niobate fluoride and 100 g of sodium were added 
under nitrogen atmosphere in that order and this process was repeated to conduct the 
reduction reaction. In this manner, niobium powder was obtained. Note that the 
employed potassium niobate fluoride had been heat-dried at about lOO^C under a reduced 
pressure of 2 kPa in a vessel to which a Teflon (registered trademark) lining was applied, 
and was introduced into the reaction vessel without being exposed to air 

The water content of potassium niobate fluoride subjected to the heat-drying 
process under reduced pressure was 1000 ppm as determined based on the Karl Fischer 
method upon heating to 600*C, Also, the water content of potassium fluoride and 
potassiimi chloride used as diluent salts was 250 ppm and 50 ppm, respectively, as 
determined based on the Karl Fischer method upon heating to 700*C. The total amount 
of potassium niobate fluoride supplied was 12 kg, and the amount of water in the reaction 
system was adjusted to be 4900 ppm converted to the amount of niobium powder 
obtained. 

After the niobium powder thus obtained was subjected to a vacuimi-heating 
process at I200**C, a deoxidation process was carried out. The BET specific surface 
area, and the amount of impurities of iron, chromium, nickel, sodiiun, potassium, and 
magnesium of the niobium powder obtained are shown in Table 1 . 



Table 1 





BET specific surface 


Fe 


Cr 


Ni 


Na 


K 


Mg 




area (m^/g) 


(ppm) 


(ppm) 


(ppm) 


(ppm) 


(ppm) 


(EE5L 


Example 7 


1.15 


5 


8 


12 


2 


8 


12 


Example 8 


1.61 


14 


21 


13 


2 


17 


1 


Example 9 


2.35 


5 


26 


5 


8 


43 


1 



When 0. 5 g of the niobium powder obtained in Example 7 was pressed at GD 
3.0 g/cm^ at 5.0 mm <l> and sintered at 1200°C, sintered pellet having a density of 3.22 
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g/cm^ was obtained. 

Pore size distribution of the sintered pellet is shown in FIG. 1, and the CV value 
when formed at 20V, relative leakage current value, CV value when formed at 50V, and 
C V retention rate is shown in Table 2. 
Table 2 





Capacitance 
(Formation 
voltage of 20V) 


Relative leakage 

current value 
(nA/CV) 


Capacitance 

(Formation 
voltage of 50V) 


CV retention 
(%) 


Example 7 


104kCV/g 


2.64 


94 kCV/g 


90 


Example 8 


133 kCV/g 


3 


114kCV/g 


86 


Example 9 


104 kCV/g 


3.57 


128 kCV/g 


76 



Note that the measurement conditions were as follows. 
(Pellet) 0.5 g X 5.0 mm GD « 3.0 g/cc 
(Formation) 0.01 voI% H3PO4. 120min, 60 mA/g 

(Measurement) CV : 30.5 vol% H2SO4, 25°C, I2OH2, Bias 1.5V, LC : 10 voI% H3PO4, 

25^C,14.0V,3min 

(Example 8) 

In a reaction vessel whose inner surface was fomied of nickel material, 25 kg of 
potassium fluoride and potassium chloride, respectively, as diluent salts, were introduced, 
and after the temperature thereof increased to gSO'^^C, 10 g of sodium was supplied. 

Then, 260 g of potassium niobate fluoride and 100 g of sodium were added 
under nitrogen atmosphere in that order and this process was repeated to conduct the 
reduction reaction. In this manner, niobium powder was obtained. Note that the 
employed potassium niobate fluoride had been heat-dried at about IOO°C under a reduced 
pressure of 2 kPa in a vessel to which a Teflon (registered trademark) lining was appUed, 
and was introduced into the reaction vessel without being exposed to air. 

The water content of potassium niobate fluoride subjected to the heat-drying 
process under reduced pressure was 1000 ppm as determined based on the Karl Fischer 
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method upon heating to 600'='C. Also, the water content of potassium fluoride and 
potassium chloride used as diluent salts was 250 ppm and 50 ppm, respectively, as 
determined based on the Karl Fischer method upon heating to 700°C. The total amount 
of potassium niobate fluoride supplied was 6 kg, and the amount of water in the reaction 
system was adjusted to be 7400 ppm converted to the amount of niobium powder 
obtained. 

After the niobium powder thus obtained was subjected to a vacuum-heating 
process at 1100°C, a deoxidation process was carried out. The BET specific surface 
area, and the amount of impurities of iron, chromium, nickel, sodium, potassium, and 
magnesium of the niobium powder obtained are shown in Table 1. 

When 0. 5 g of the niobium powder obtained in Example 8 was pressed at GD 
3.0 g/cm^ at 5,0 mm 0 and sintered at 1200°C, sintered pellet having a density of 3.37 
g/cw? was obtained. 

Pore size distribution of the sintered pellet is shown in FIG. 1, and the CV value 
when fonned at 20V, relative leakage current value, CV value when formed at 50V, and 
CV retention rate is shown in Table 2. 
(Example 9) 

In a reaction vessel whose inner surface vios formed of nickel material, 4 kg of 
potassium fluoride and 36 kg of potassium chloride, as diluent salts, were introduced, and 
after the temperature thereof increased to 800*C, 10 g of sodium was supplied. 

Then, 260 g of potassium niobate fluoride and 100 g of sodium were added 
under nitrogen atmosphere in that order and this process was repeated to conduct the 
reduction reaction. In this manner, niobium powder was obtained. Note that the 
employed potassium niobate fluoride had been heat-dried at about lOO^C under a reduced 
pressure of 2 kPa in a vessel to which a Teflon (registered trademark) lining was applied, 
and was introduced into the reaction vessel without being exposed to air. 

The water content of potassium niobate fluoride subjected to the heat-drying 



20 

process under reduced pressure was 1000 ppm as determined based on the Karl Fischer 
method upon heating to 600^C. Also, the water content of potassium fluoride and 
potassium chloride used as diluent salts was 250 ppm and 50 ppm, respectively, as 
determined based on the Karl Fischer method upon heating to 700*'C. The total amount 
of potassium niobate fluoride supplied was 12 kg, and the amount of water in the reaction 
system was adjusted to be 4000 ppm converted to the amoimt of niobium powder 
obtained. 

After the niobium powder thus obtained was subjected to a vacuum-heating 
process at llOO^^C. a deoxidation process was carried out. The BET specific surface 
area, and the amount of impurities of iron, chromium, nickel, sodium, potassium, and 
magnesium of the niobium powder obtained are shown in Table 1. 

When 0. 5 g of the niobium powder obtained in Example 9 was pressed at GD 
3.0 g/cm^ at 5.0 mm 0 and sintered at 1200^*0, sintered pellet having a density of 3.57 
Sfcn? was obtained. 

Pore size distribution of the sintered pellet is shown in FIG. 1, and the CV value 
when formed ai 20V, relative leakage current value, CV value when formed at 50V, and 
CV retention rate is shown in Table 2. 

All of the niobium powder obtained in Examples 7-9 had few impurities and 
were suitable as a raw material for a capacitor. 

Also, it was found that the niobium powder of Example 7, when it was formed 
into a sintered body, had excellent electrical properties of a capacitance of 104 kCV/g at 
a formation voltage of 20V and a CV retention of 90% (> 84%). 

Moreover, it was found that the niobium powder of Example 8, when it was 
formed into a sintered body, had excellent electrical properties of a capacitance of 133 
kCV/g at a formation voltage of 20V and a CV retention of 86% (> 75%). 

Furthermore, it was found that the niobium powder of Example 9, when it was 
fonned into a sintered body, had excellent electrical properties of a capacitance of 169 
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kCV/g at a foimation voltage of 20V and a CV retention of 76% (> 57%). 

Industrial Applicability 

According to the method for producing niobium powder of the present invention, 
it becomes possible to niobium powder of high purity having few impurities by 
eliminating effect of water contained in potassium niobate fluoride, or by adding 1-20% 
of stoichiometric equivalence of a reducing agent in a reaction vessel in advance. 

Also, since it is possible to control the pore size distribution of the sintered body 
which may be formed from the niobium powder, the pores will not be clogged when 
formed at a high voltage, and the C V value at a formation voltage of 20V and the CV 
retention becomes 80 to 240 kCV and 57% or higher, respectively. 

Accordingly, a niobium c£q>acitor which is formed from the niobium powder of 
the present invention has excellent electrical properties and extremely beneficial for 
industry. 



